Abstract: An all-optical AND gate is realized using a bulk semiconductor optical amplifier. The operation is based on signal-induced nonlinear polarization rotation of a probe light. The logic gate is conducted at a bit rate of 2.488Gbit/s.
Introduction
The semiconductor optical amplifier (SOA), as an active semiconductor device, is highly nonlinear in its optical gain and refractive index [1] . During the past years, SOAs have demonstrated their feasibilities in all-optical functional applications, such as optical switching, wavelength conversion, pulse generation, and optical logic gate [2] . Previously, we reported all-optical wavelength conversion by cross polarization modulation (XPolM) in an SOA [3] . The physical principle of XPolM is the nonlinear polarization rotation of a probe light caused by signal-induced birefringence in the SOA, and was initially studied by Stokes parameters in the form of Poincaré sphere. In this paper, we demonstrate an all-optical AND gate based on XPolM in an SOA at a bit rate of 2.488Gbit/s.
Principles of operation
The AND gate is obtained by the use of birefringence effect in a bulk SOA, which leads to nonlinear polarization rotation of a probe light at the presence of pump lights. During the operation, the intense pump lights modify the optical properties of the SOA which, in turn, modify a probe light or even the pump lights themselves [4] . One significant consequence of this pump-probe technique is that the polarization azimuth and the ellipticity of the probe are expected to change on the propagation through the medium [5] . If a linearly polarized probe light is coupled into the SOA, upon leaving the SOA output, its polarization ellipticity will be elliptical, circular or linear with rotated azimuth depending on the pump lights power level in the SOA. An optical polarizer can detect this nonlinear polarization rotation and convert it into intensity difference. In this case, we can obtain a logic function because this intensity variation depends on the presence or absence of the pump lights in the SOA.
By suitably selecting the SOA bias current and pump lights power level, the use of the input data 1 and 2 as the pump signals leads to an all-optical AND gate carried by a weak probe beam (Fig.1) . During the operation, the absence of both data 1 and 2 does not change the state of polarization (SOP) of the probe. One data alone does not change the SOP of the probe dramatically, and the small change cannot be detected by the polarizer right after the SOA output. When both data 1 and 2 are presented in the SOA, similar to wavelength conversion by XPolM [3] , the polarization azimuth and the ellipticity of the probe will be modified, and an optical polarizer can convert this SOP change into intensity difference. 
Experiment, result and discussion
In this work, the SOA is a commercially available pigtailed SOA (Kamelian, OPA series), employing a tensile-strained bulk InGaAsP/InP active region as described in [3] . The polarization sensitivity is less than 0.4dB, and the gain ripple is around 0.25dB. The experimental setup of the AND gate is depicted in Fig.2 , and a counter-propagation scheme is used. The SOA bias current is 200mA and ambient temperature is 20 0 C. The power of CW probe signal, at wavelength of 1552.2nm, is ~ -8dBm at the SOA input. The input data 1 and 2 are obtained from two grating-external-cavity lasers, at 1549.5nm and 1555.8nm, respectively. They are modulated at a bit rate of 2.488Gbit/s via a LiNbO 3 Mach-Zehnder modulator. The applying of an optical delay line (ODL) in one arm is to produce "1001" pulse trains (data 1), which is different from "1100" trains (data 2) in the other arm. After combining, the data signals are amplified by an erbium-doped fiber amplifier (EDFA) before entering the SOA through an optical circulator. Polarization-maintaining (PM) fibers are used throughout the experiment, and the data signals are either combined or split by PM fiber couplers or splitter as shown in Fig.2 . A band pass filter (1nm) is placed after the circulator to sufficiently suppress the spontaneous noise from the SOA. The optical output data is measured on an HP83480A digital communications analyzer with a 20GHz O/E plug-in module (HP83485A). The total data power coupled into the SOA has four values: 0.8dBm when both input data are at high logic level "11"; -2.1dBm and -2.7dBm when one of the input data is at high level "01" and "10"; and finally -15.1dBm when both are at low logic level "00". Fig.3 presents the realization of the AND function. The optical traces in (a) are directly recorded from the sampling oscilloscope with 800ps/div; and traces in (b) are re-processed for easy reading and analysis. The difference between logic "1" state and logic "0" state is >150µW. This amplitude is large enough to distinguish the two levels. The ripples in logic "0" in the output data (clearly seen from Fig.3(b) ) are due to several reasons. First, there is mismatch between the pump lights polarization and the optical axes of the SOA. The nonlinear polarization rotation of the probe appears to be much stronger for a TE or TM polarization of the pump lights [6] . Unfortunately they cannot be perfectly matched to each other and maintained all the time during the operation. Secondly, the logic "11" input data saturates more strongly the SOA gain than the logic "10" or "01". As cross gain modulation (XGM) always takes place simultaneously with XPolM [3] , the optical gain is not uniform. And the power levels of logic "10" and "01" are slightly different. Third, the spontaneous emission noise is more prominent in logic "0" [7] , which results in a more noisy logic "0" state. Moreover, the performance of LiNbO 3 modulator is still polarization dependent, although a PM fiber is utilized for the input pigtail [8] . 
Conclusion
An AND function by XPolM in an SOA is demonstrated at a bit rate of 2.488Gbit/s. The operational principle of this logic gate is similar to the wavelength conversion by XPolM. Compared with fiber-based or fiber-assisted devices, SOA-based all-optical logical gates are more compact and robust. Although this work was conducted at a bit rate of 2.488 Gbit/s, it should be noticed that by introducing the enhanced gain recovery technique [9] , the data rate could exceed 40Gbit/s. After applying effective gain compression technique [6] , optical logic gate by XPolM with improved Q-factor and extinction ratio has also been realized. Currently, the physical mechanism responsible for nonlinear polarization rotation of the probe light is being studied in our research group. The modelling using Stokes parameters and Mueller matrices is under investigation and will be discussed separately.
References

